Background and Aim: Executive functions are high-level cognitive processes that allow a person to successfully engage in an independent and self-fulfilling life. Previous literature indicates that chronic pain can affect executive function, but there are limited studies that investigate the effect of acute pain on executive function. The purpose of this study was to determine if acute pain affects executive function in recreationally active individuals who sustained a musculoskeletal injury. Methods: Twenty-four recreationally active participants who presented with acute pain following a musculoskeletal injury underwent a neuropsychological battery within 72 hours of injury. Follow up testing occurred within two weeks from the initial testing session when participants were pain free. Pain intensity was measured using the Visual Analog Scale (VAS). The neuropsychological battery consisted of the following tests: Digit Span (DS), Rey Auditory Verbal Learning Test (RAVLT), and Trail Making Test B (TMT-B). The DS was broken into two separate scores, the RAVLT four scores, and TMT-B one score. Seven paired samples t-tests were conducted using an adjusted alpha level of 0.007. Results: Participants had significantly improved scores when pain free in DS forwards (p < 0.007) and TMT-B (p < 0.007). No significant difference was observed for the DS backward (p = 0.023), RAVLT A1 (p = 0.563), RAVLT sum A1 to A5 (p = 0.953), RAVLT A6 (p = 1.0), RAVLT recognition list A (p = 0.009). These results suggest that immediate recall and complex attention may be diminished in individuals who experience acute pain due to a musculoskeletal injury. Conclusions: Results from this study suggest acute pain from musculoskeletal injuries may disrupt executive function. Relevance for patients: Patients should be aware that there may be cognitive changes after a musculoskeletal injury. Knowing which cognitive domains may be impaired during acute pain could impact clinical practice and further benefit patients suffering from pain and its associated symptoms.
Introduction
The Center of Disease Control (CDC) estimated an average of 8.6 million recreation and sport related injuries per year from 2011-2014 [1] . Although there are many health benefits of living an active lifestyle, injury rates are higher among those who participate in sports or who engage in exercise [2] . Pain due to an injury has been suggested to not only affect physical performance, but also mental performance. Unfortunately, there is no universal method to treating or managing pain, leaving it as an increasingly significant public health concern. As of 2012, the total estimated annual cost in the United States due to pain ranges from 560 billion to 635 billion, straining the nation's already burdened healthcare system and economy [3] . It is also worth noting that in the past 20 years there has been an extreme increase in therapeutic opioid consumption and abuse, with the United States having the highest consumption of narcotics worldwide [4] . Pain is tremendously subjective, influences individuals in a wide variety of ways, and can be managed using a myriad of approaches [5] . Although many individuals can perform adequately and/or maintain activities of daily living while experiencing acute or chronic pain, research suggest that pain may directly influence mental processes [6] . These mental processes may be involved in initiating and maintaining smooth information processing within the central nervous system [7] [8] [9] .
These processes, better known as executive functions, allow one to plan and direct purposeful and flexible behavior [7] . Executive functions provide the capacity to modify thoughts and behaviors in order to respond to a similar situation differently. If these functions are impaired, an individual may lack selfcontrol, become irritable, and lack focusing and planning ability [7] . Because executive functions are considered to be higher order thinking processes, impairments can decrease the quality of life of those who suffer from these deficiencies [10, 11] . Executive functions and cognitive functions work concomitantly; if executive functions are impaired, then cognition may be affected. Executive function differs from cognition, which is primarily involved with the input, storage, processing and output of information yet both are actively impaired in the presence of pain [7, 12] .
Musculoskeletal injuries commonly affect active populations that engage in recreational or competitive sports and are often classified as acute. Acute musculoskeletal injuries are ones that typically result in a loss of playing time [13, 14] but both injury severity and pain typically resolve within 2-3 weeks [15, 16] . The pain experienced from musculoskeletal injuries ranges from mild discomfort to severe depending on the type of injury, the somatic interpretation of the pain, and the pain tolerance threshold of the individual. Whether acute or chronic, if pain is present research indicates that executive functions may be impaired [7, [17] [18] [19] [20] . Specifically, a reduction in attention, processing speed, and psychomotor speed is frequently noted [7] . These pain-induced alterations can also appear within higher order cognitive processes (executive functions). Since the prefrontal cortex is responsible for both executive functions and encoding pain, this can lead to an uneven distribution of neuronal resources when both processes are simultaneously active [21] . Therefore, if an individual is experiencing pain his/her neural resources may be primarily devoted to pain processing, leaving less resources to dedicate to executive functions [22] . Because these processes may rely on21 overlapping networks, it is not surprising that executive functions can be altered when pain is present [21, 22] .
Research involving chronic pain and musculoskeletal injuries are extensive, however, very little investigations have measured the effect of acute pain on executive functions [12] . Hutchinson et al reported that NCAA collegiate athletes who had a current musculoskeletal injury performed worse than healthy controls on the match to sample subtest of the Neuropsychological Assessment Metrics (ANAM) [13] . These results suggest that an athlete's thinking abilities and memory may be impaired when in the presence of a musculoskeletal injury. It is theorized that either the negative emotional state of being "sidelined" from the injury or the pain may have caused the altered cognitive state [13, 23] . Both mechanisms can explain the decline in the executive function of these athletes; however, neither were investigated nor reported on. These findings should be explored further as the presence of pain following an acute musculoskeletal injury may impede classroom and/or work performance. Furthermore, there are not many studies that examine the recreationally active population, which is a shame since most results based on the athletic population cannot be generalizable to the public. Therefore, the purpose of this study was to explore if the recreationally active who presented with acute pain due to a musculoskeletal injury would have impairments in executive functions as measured by the Digit Span, Rey Auditory Verbal Learning Test, and Trails Making Test-B as compared to a non-pain state. It was hypothesized that a difference in all neuropsychological testing scores would be present among participants experiencing acute pain from a musculoskeletal injury compared to their testing scores when they were not in acute pain but would subside once the pain was reduced.
Materials and Methods

Participants
Twenty-four (22 ± 2 years; 9 female, and 15 male) individuals were included in this study (see Table 1 ). Of the 24 participants, 6 of their injuries were to the upper body and 18 involved the lower body (see Figure 1) . Recreationally active was defined as being physically active for at least 20 minutes a day three times per week [24] . Those who were recreationally active, who presented with acute pain at the campus recreation center athletic training facility, and had a musculoskeletal injury clinically diagnosed by a certified athletic trainer (ATC) within 72 hours following their injury (with the exception of fractures) were included in the study. In addition, all participants were free of any neurological disorder, had no history of diagnosed psychiatric illness or learning disability (Attention Deficit Hyperactivity Disorder and/or seizures) had no surgical history for at least 6 months, had no existing chronic condition or fracture, and were not currently taking any analgesic or non-steroidal anti-inflammatory drugs (NSAIDs) as determined by self-report. Lastly, all participants signed a written informed consent that was approved by the Institutional Review Board.
Data was initially collected on 39 participants. Four participants were excluded due to failure to return for follow up testing (n = 35). After reviewing the data set for exclusion criteria using the medical health questionnaire, ten participants were removed from the data set (n = 25). Two of these ten participants who were removed sustained another injury between testing points, six were currently taking pain medication on follow up testing, one was previously diagnosed with a mental illness, and one scored above 4 mm on the VAS on follow up testing indicating pain was still present.
Lastly, one participant was removed from the entire data set due to consumption of 200mg of caffeine prior to testing. Previous studies looking at the effects of caffeine have typically seen enhancements in attention at 200-250 mg [8, 25] . However, the relationship between caffeine and cognition is affected by many factors including caffeine tolerance, time of consumption, task at hand, personality factors, etc [8, 25] . Therefore, because the relationship between caffeine and cognition is not fully understood, those who ingested less than 200 mg were included in the data set (n = 24). Table 1 . Total distribution of recreation athletes by year in higher education (n = 24). Descriptive data indicating most participants were currently enrolled in a master's program or were a junior in their undergraduate program. The National Adult Reading Test (NART) was administered during the initial testing session to predict a WAIS-Full Scale IQ score using the following equation: 128-0.83 × NART error score. 
Protocol
Prior to beginning data collection, all participants completed a health questionnaire that examined previous injuries and overall health [26] . In addition, acute pain was assessed using the Visual Analog Scale (VAS) [27] . The participant was told to mark his or her current pain intensity on a 100 mm scale. The VAS defines "no pain" as 0-4 mm, "mild pain" as 5-44 mm, "moderate pain" as 45-74 mm, and "severe pain" as 75-100 mm. Next, the neuropsychological battery was administered with the following tests: the National Adult Reading Test (NART) [7, 28] , the Digit Span (DS) [7] subtest from the Wechsler 1989, the Rey Auditory Verbal Learning Test (RAVLT) [7, 28] and Trail Making Test B (TMT-B) [7, 29] . Participants returned for follow up testing when they believed that they were no longer in acute pain. To confirm participants' report of not experiencing pain, the VAS was administered at the follow up to determine if the participant was currently not experiencing pain. If so, then the neuropsychological battery was subsequently administered. If any participants reported a pain above 4mm, they were asked to come back within 24-48 hours. The VAS was then administered daily until participants indicated that they were free of any pain. All follow up testing occurred within two weeks of the initial injury. All testing was conducted by a trained a certified athletic trainer with experience in the administration of the neuropsychological battery. 
Instrumentation
NART. During initial testing the NART was administered to estimate general intelligence and to serve as a benchmark across participants. The NART consisted of 50 phonetically irregular words for the participant to pronounce. The NART scoring was performed using a mathematical equation that predicts the Wechsler Adult Intelligence Scale (WAIS-Full Scale) IQ score [26, 28] .
DS. The DS was used to evaluate memory and attention and was broken into two parts: digits forward and backward. In each trial the participant was asked to repeat a span of numbers either forwards or in reverse order, depending on which portion of the subtest was being administered. The DS starts with only 2 digits with a forward and reverse trial, and progresses up to a span of 8 digits. Once the participant failed to recite the numbers correctly consecutively two times within the same string of numbers, or once the maximum digit span length was reached (8 forward, 7 backward), testing was terminated. Scoring was based on the number of trials correctly completed forward and backward, which produced an overall score. In this study the digits forward score and digits backward scores were analyzed separately to have a closer look at immediate recall (digits forward) versus working memory (digits backward).
RAVLT. The RAVLT measures auditory verbal learning and memory. It includes immediate recall, verbal learning, delayed recall, and delayed recognition. It included five trials, each trial consisting of 15 unrelated words (List A). Between each trial the target list was read to the participant at a pace of one word per second [30] . After the fifth trial, an interference list is read [30] . The interference list (List B) consisted of one trial of 15 new words, which the participant was instructed to recite [30] . After the interference list is recalled, the participant was asked to recall the original words from the first five trials (trial A6), and then again after 20 minutes (trial A7) [30] . Lastly, the participant attempts to recognize as many words from List A as possible from a word set that included distractors [30] . In this study, an alternate RAVLT form was used for the second testing session. Scoring was based on the number of words recalled per trial. Immediate memory was derived from the total score from trial A1. Auditory and verbal learning were calculated by the sum of trials A1 to A5. Delayed recall post interference list was measured by trial A6. Lastly, delayed recognition was measured using a numerical raw score for recognition list A. Overall, the RAVLT has been noted to have a moderate to low test-retest reliability [28] . Literature indicates the RAVLT may be affected by age and formal education but not gender or intelligence [31] .
TMT-B. TMT-B was used to measure complex attention, cognitive flexibility, and visual motor tracking. In this investigation, only part B was utilized since it is a more complex measure. For this test the participant was given a piece of paper and asked to draw lines to connect consecutive numbers and letters that were circled on the worksheet, alternating between symbol systems, as quickly as possible. This switch between letters and numbers during TMT-B made the test taxing and a measure of executive function due to the complex processing involved with switching between stimuli. Scoring was based on the number of seconds required to complete a task, with a higher score indicating a greater deficiency.
Statistical analysis
The DS was broken into two separate scores: digits forward and digits backward so that immediate recall and working memory could be measured and scored separately. The RAVLT was broken into four scores for a more specific analysis: A1 trial sum, sum of trials A1 through A5, trial A6, and list A recognition. Trial A1 measures immediate recall, the sum of trials A1 to A5 measures acquisition, trial A6 measures delayed recall following interference, and List A recognition measures delayed recognition. TMT-B was analyzed using one score: the number of seconds it took to complete the test (see Table 2 ). The sample of 24 participants was then screened for outliers, which were defined in this study as neuropsychological test scores that were two standard deviations above or below the sample mean. These outliers were removed from the individual tests within the battery. DS forwards, DS backward, RAVLT A1, and RAVLT Sum A1 to A5 had a total sample of 24 (n = 24). RAVLT A6 had a sample of 23 (n = 23), RAVLT Rec-A had a sample of 21 (n = 21), and TMT-B had a sample of 22 (n = 22). Seven paired samples t-tests were conducted using Statistical Package for the Social Sciences (SPSS) IBM Corp., v.23, Chicago, IL, USA) to compare scores in the pain and non-pain state. A Bonferroni correction was made resulting in an adjusted alpha level of 0.007 due to the multiple comparisons. Effect size was calculated using Cohen's d. One sample t-tests were used to compare the non-pain state to standardized normative data of healthy adults. Lastly, test-retest reliability was calculated using intra-class correlation coefficients with a 95% confidence interval (CI). 
Results
All participants were initially tested within 72 hours of injury and follow up tested within two weeks from their injury (8.88 ± 2.5 days). Of the 24 participants, 67% (n = 16) reported "mild" pain and 33% participants (n = 8) reported "moderate" pain at the initial testing session (38.02 ± 19.4 mm). All participants reported as "no pain" on their second testing session (0.67 ± 1.09 mm). The average estimated NART IQ was 110.08 ± 4.49.
Results of the paired samples t-test revealed that when the participants were pain free, their cognitive scores significantly improved on the DS forward and TMT-B. No significant difference was observed for the DS backward, RAVLT A1, RAVLT sum A1 to A5, RAVLT A6, RAVLT recognition list A (see Table 3 ). DS forward had an effect size of 0.5 while DS backward had an effect size of 0.33. RAVLT A1 had an effect size of 0.20, RAVLT sum A1 to A5 0.01, RAVLT A6 0, RAVLT recognition list A 0.82. Lastly, TMT-B had an effect size of 0.79. Results from the one sample t-test showed significant differences between the non-pain state and the normative data for RAVLT A1 and TMT-B (see Table 4 ). No significant differences were observed for all other measures.
The results of the intra-class correlations (ICCs) for DSF, DSB, RAVLT sum A1 to A5, and RAVLT A6 indicated a strong positive relationship (see Table 5 ). The ICC for RAVLT Rec-A indicated a fair relationship, while the ICC for RAVLT A1 was negative, indicating an unreliable measure for this group. 
Discussion
Therefore, the purpose of this study was to explore if the recreationally active individuals who presented with acute pain due to a musculoskeletal injury would have impairments in executive functions as measured by the Digit Span, Rey Auditory Verbal Learning Test, and Trails Making Test-B as compared to a non-pain state. The hypothesis of this study was partially met. Improved neuropsychological scores were seen in immediate recall and set switching when participants were pain free as measured by the DS forwards and TMT-B. No significance was found between the pain state and non-pain state for working memory in the DS backward or auditory verbal learning measured by the RAVLT, indicating that acute pain does not significantly affect working memory or learning. To our knowledge, this is the first study to examine the effect of acute pain due to a musculoskeletal injury on executive functions in the recreationally active population. Improved neuropsychological scores were seen for DS forward and TMT-B. These tests measured immediate recall, attention, and cognitive flexibility. Those that have musculoskeletal injuries have exhibited lower neurocognitive scores compared to controls as measured by the ANAM [13] . The ANAM includes Matching to Sample, which measured spatial and visuospatial working memory [13] . While the current study did not directly measure visuospatial working memory, it did measure working memory using the DS backward, which is similar because both tests require the participant to manipulate information while holding it in immediate memory. Contrary to the results of Matching to Sample, these results for working memory did not reach significance. This may be due to visuospatial working memory and auditory working memory are both different facets of working memory. Another subset of the ANAM is the Code Substitution Learning Test, which is similar to TMT-B because it requires visual searching and complex attention to match the numbers and letters in the correct sequence [13] . The current TMT-B results are similar to previous findings in the Code Substitution Learning Test, indicating a poorer performance post musculoskeletal injury [13] .
Improved TMT-B scores were seen when participants were not suffering from acute pain which is consistent with research conducted with chronic pain populations. In a meta-analytical review, those who suffered from chronic pain had a small to moderate impairment in executive function compared to healthy controls [32] . Furthermore, those with chronic pain were slower to complete Trails Making Test A and B [32] . In the current investigation those who were in acute pain were also slower to complete TMT-B compared to those who were not in pain, indicating a similar pattern between the acute and chronic pain populations.
In a previous validation study of the Reliable Digit Span (RDS), participants were randomly assigned to be part of a control group, a cold induced pain group, or a simulated pain-related memory impairment group. Typically, an RDS score of 7 or lower is indicative of negative response bias or a lack of effort [33] . RDS scores were calculated by summing the longest forward and backward string of digits, leaving the participant with one overall score. Sixty-five percent of the simulated pain group obtained an RDS score of < 7 [33] . Neither the control group nor the pain-induced groups in this study obtained an RDS score below 8 [33] . Results suggest that while sensitive to negative response bias, RDS may be unaffected by acute pain [33] . Although the RDS scores from the previously mentioned are calculated differently from the DS used in the present study, the results of this study partially coincide with present findings of DS backward scores. The DS used in the present study scored the DS forward and DS backward by summing the total number of correct trials, leaving the participant with two separate scores, compared to the RDS that includes one overall score. Additionally, previous literature has indicated that cold induced pain does not impair working memory or processing speed measured by the Wechsler Adult Intelligence Scale-Fourth Edition [34] . It is important to note that in both studies the authors intentionally provoked acute pain in a healthy population, where as in this study, participants were experiencing acute pain due to a physical mechanistic-based injury. Participants who sustain a musculoskeletal injury may suffer from other factors that may affect cognition (ex-fatigue) whereas the healthy population is only experiencing a very temporary pain experience [34] . Results of both studies suggest there are no differences between acute pain and healthy control groups in working memory, processing speed, and immediate recall [33, 34] .
No significance was noted for any trials of the RAVLT (A1, sum A1 to A5, A6, or Rec-A). The current results indicate that the pain free group scored lower on the RAVLT than the pain group, which has been previously noted [17] . Our A1 trial score was higher than in a previous study [17] . This may be because participants were tested within the first 0-72 hours of injury.
There may not be enough disruption to the brain to see significant changes in verbal memory and learning within this time frame, or the RAVLT may not be sensitive enough to detect these changes.
All subtests were compared to normative data. The DSF and DSB were compared to normative adult data across 10 samples [35] . The data was collected for 85 years and each of the 10 samples had variable ages. The age range of the normative data was 16-90, and although this is a broad age range it was the only set of normative data that was accessible that examined the same version of the Digit Span as the current study [35] . The normative DSF and DSB data was calculated using the longest string of correct digits forward and backward, and so the current study calculated the same scores so that they could be compared. The current study's DSF average (7.25 ± 0.84) was significantly greater than the normative data (6.56 ± 2.39), indicating that the current study's sample had better immediate recall ability. This may be due to the very narrow age range and the advanced years of education of the current sample [35] . Unlike the DSF, the DSB was not significantly different from the normative data. The RAVLT was compared to normative data in age ranges 16-19 and 20-29. The normative data included males and females and was calculated using a weighted average mean and standard deviation [36] . This population was reported to have a high average intelligence and an average of about 14 years of education, which is congruent with the current study population. The TMT-B was compared to normative data of males and females between ages 18-24 [37] . The average age was 20.17 ± 1.48 with an average education of 12.92±1.01 [37] . The average TMT-B score of the normative data was 48.97 ± 12.69, almost exactly matching the average of the current TMT-B score in the pain state 48.4 ± 12.6 [37] . The non-pain state scored an average of 39.6 ± 9.4, potentially indicating that the TMT-B scores during the non-pain state may be due to the practice effect, and/or that the pain intensity was not enough to elicit a deficit in set switching ability.
The results of the test-retest reliability for DSF, DSB, RAVLT Sum A1 to A5, and RAVLT A6 were excellent (see Table 5 ) [38] . Test-retest reliability for TMT-B indicated a good relationship, while the relationship for RAVLT Rec-A was classified as fair [38] . Lastly, RAVLT A1 had a negative ICC value, indicating it is an unreliable measure in this study. When looking at the data set, there were scores that were both on the high and low ends at both time points, indicating a very variable performance of immediate recall. Since the administration of the test was scripted and no other trials of the RAVLT had this same trend, this may be due to the specific population being studied.
When looking at cognitive function, many studies in the acute and chronic pain populations fail to account for psychiatric disorders, medication use, and the effect of sleep. In addition, many of these studies have a small sample size. This study aimed to control for psychiatric disorders, medication use, and sleep by using a health questionnaire. The questionnaire had an open-ended section for participants to utilize if they felt there was anything else that may affect the study.
Those who were currently taking any type of pain medication were excluded in order to get a more truthful pain score and because improvements in global cognition were observed in those taking analgesics who suffered from chronic pain [12] .
This study did not progress without limitations. The lack of a matched control group was a limitation of the study, but was mitigated by comparing to standardized normative data. Throughout the study, some injuries may have healed faster than others. Therefore, the severity of injury and other factors that may trigger pain or re-injury in the two-week time frame was not investigated. The sample population was specific to a convenience sample of those who were recreationally active at a Division I University in the United States and therefore may not be generalizable to other populations. There was a smaller sample size than expected based on a power analysis that supported a population size of 26 participants. A large effect size was seen for RAVLT recognition list A (d = 0.50) although this measure did not reach significance. Interestingly the trend in RAVLT recognition list A was in the opposite direction as all other metrics, indicating that participants actually performed better on recognition when they were in acute pain. Medium effect sizes were seen for DS forward (d = 0.50) and TMT-B (d = 0.79). All other metrics resulted in a small effect size. The use of an alternate form for the RAVLT was used to control for the practice effect, however there were not alternate forms for DS or TMT-B. It should be noted that previous study reported a significant practice effect for TMT-B of 6.59 seconds in ages 16-29 based on two sessions spaced one week apart [40] . In the current study, the TMT-B had an improved average score of 6.93 seconds on the second trial and was administered 8.88 ± 2.5 days from the initial trial, indicating that the improved scores for TMT-B may be due to the practice effect [40] .
Additionally, the pain scores in this study were classified as "mild" to "moderate" which may not have been a strong enough pain intensity to elicit changes in all cognitive domains. Lastly, the neuropsychological battery was not all encompassing due to time constraints and this research did not examine all cognitive domains. A more comprehensive approach with testing may allow for a differentiation in all executive functions that may be impaired following acute pain.
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